The opportunistic fungal pathogen Pneumocystis carinii is a frequent cause of pneumonia in immunocompromised hosts. In this study, we have compared the DNA sequences of a portion of the mitochondrial large-subunit rRNA gene of P. carinii (an informative locus showing up to 27% differences among isolates of P. carinii from human-, rat-, mouse-, ferret-, rabbit-, and horse-infected lungs) obtained from human-derived isolates from widely disparate geographical areas, including Britain, the United States, Brazil, and Zimbabwe. A single-base polymorphism which varied among samples was identified. Apart from this nucleotide, the DNA sequences of all samples were identical. The sequences of the British samples were shown to be stable over a period of 4 years. These data suggest that there is relatively low genetic diversity among isolates of humanderived P. carinii from different global regions.
The opportunistic fungus Pneumocystis carinii is an important cause of potentially fatal pneumonia in immunocompromised individuals, particularly AIDS patients. P. carinii has been identified in the lungs of a variety of different mammalian hosts (8) , and although the parasites appear to be morphologically indistinguishable, immunological and genetic studies indicate that these organisms are not identical. The inability to continuously culture the organism in vitro has prevented the establishment of clonal stocks of the organism and impeded research into the genetic relationship between different isolates. Analysis of the chromosomes of rat-and human-derived P. carinii by pulsed-field gel electrophoresis has shown that the karyotypes of these organisms are similar but distinct (18) . DNA sequences of P. carinii from a number of different genetic loci have been examined. A portion of the gene encoding the mitochondrial large-subunit rRNA has been investigated in P. carinii derived from six different mammalian hosts: the infected lungs of rats, humans, ferrets, rabbits, mice, and horses (13, 15, 21) . Chromosomal loci have also been examined, including the P. carinii ,-tubulin gene from infected human and rat lungs (3, 4), the major surface glycoprotein (msg) from rat-and human-derived P. carinii (9, 19) and ferret-derived organisms (gpA) (5), the nuclear rRNA operon (11, 12) , and the AROM protein, involved in the aromatic amino acid biosynthetic pathway (unpublished data). All (2, 11) . In this paper, we examine genetic diversity in P. carinii infecting humans in samples obtained from widely dispersed geographical locations in order to examine the possibility that differences in the incidence and manifestation of P. carinii pneumonia in different regions of the world are due to infection by different strains of the organism. We have obtained samples from four different sources: Britain, the United States, Brazil, and Zimbabwe. We have examined the sequence of a portion of the P. carinii mitochondrial large-subunit rRNA gene since this locus has been shown to be highly informative, displaying up to 27% differences among P. carinii organisms isolated from the infected lungs of six different mammalian hosts (13, 15, 21 Direct sequencing of DNA amplification product. Singlestranded DNA sequencing template was generated from the amplification product, using streptavidin-coated magnetic particles (Dynal), and sequenced by the dideoxy chain termination method (14) .
RESULTS
Amplification was performed on extracted DNA from each sample, using the P. cannii-specific oligonucleotide primers pAZ102-H and pAZ102-E (20, 22, 23) . P. caninii-specific amplification product (344 bp) was obtained from all of the samples. The products of amplification were sequenced directly, without cloning, by the generation of a single-stranded DNA sequencing template, using a biotin-streptavidin magnetic bead separation method, and the sequences of a 196-bp portion of the PCR product, equivalent to the fragment spanning 34 to 229 bp of the Sinclair et al. sequence (15) , were compared. The possibility of any cross-contamination between samples was continually monitored at every stage of the experimental procedure. All 12 British samples had very similar DNA sequences (Fig.  1) , a sequence that was the same as the sequence we previously reported (13, 15, 21) . We have identified a single-base polymorphism at base 85 (Sinclair et al. nomenclature [15] ). We have found adenine, thymine, and cytosine, but not guanine, at this residue in different samples.
Eighteen samples from the United States, Brazil, and Zimbabwe were examined, all from patients with P. carinii pneumonia, confirmed by histochemical staining with methenamine silver. When the sequence of the amplification products from these samples was compared with those from the British samples, no differences were observed. The residue at base position 85 was also variable in these samples.
DISCUSSION
Data from molecular studies suggest that genetic diversity exists among isolates of P. carinii infecting a particular mam- malian host (17) . The karyotype of rat-derived P. carinii has been examined, using pulsed-field gel electrophoresis, and differences in the karyotype of the organism isolated from different colonies of rats have been observed (1) . Analysis of the P. carinii nuclear major rRNA operon has also demonstrated differences among isolates from rats (11, 12) . The electrophoretic karyotype of isolates from the same rat colony, however, has been shown to be stable over a period of 2 to 3 years (1, 7). DNA sequence data and electrophoretic karyotyping have suggested the possibility of coinfection with two variant strains of P. carinii within a single rat host (2) .
Genetic heterogeneity has also been observed in humanderived P. carinii (10) . However, studies on the major rRNA operon from human-derived P. carinii from five HIV-infected patients in the United States showed that, although the sequence of this gene was different from that of the rat-derived P. carinii, each of the human-derived sequences was identical (11) .
In this study, we have studied the DNA sequence of a portion of the mitochondrial large-subunit rRNA gene, part of which spans a phylogenetically nonconserved region of this molecule (6) . This locus has been shown to be informative in a comparison of P. carinii isolated from human-, rat-, mouse-, ferret-, rabbit-, and horse-infected lungs, demonstrating up to 27% differences among these isolates (13, 15, 21 
